Zusammenfassung Das bevölkerungsbasierte MONICA/KORA-Herzinfarkt (HI)-Register Augsburg wurde im Jahre 1984 etabliert. Hauptaufgaben sind die Beschreibung der zeitlichen Trends von koronarer Mortalität und HI-Morbidität sowie die Identifizierung der diese Trends beeinflussenden Faktoren. Die Ergebnisse von 18 Registerjahren werden präsentiert und geschlechtsspezifisch diskutiert. Von 1985 bis 2002 wurden 17 884 Patienten mit einem klinisch bestätigten HI oder koronaren Herztod (12 798 Männer; 5086 Frauen; Alter 25 -74 Jahre) registriert und nach MONICA-Regeln validiert. Von 1985 bis 2002 nahm die koronare Mortalität je 100 000 Einwohner von 280 auf 168 bei Männern und von 88 auf 54 Todesfälle bei Frauen ab; die HI-Erkrankungsrate je 100 000 Einwohner reduzierte sich von 542 auf 404 bei Männern und von 171 auf 122 Akutereignisse bei Frauen. Dieser signifikante Rückgang war hauptsächlich bedingt durch eine Abnahme an Re-Infarkten und eine sinkende 28-Tage-Letalität (Männer von 52 % auf 42 %, Frauen von 52 % auf 44 %) als Ergebnis einer stark ansteigenden invasiven Reperfusionstherapie und einer intensivierten evidenzbasierten Medikation. Die vorgestellten Ergebnisse zeigen positive Entwicklungen im Herzinfarktgeschehen, unterstreichen aber die weitere Intensivierung von primärpräventiven Maßnahmen.
Background
Since the beginnings of the 1980 s, population-based registries of acute myocardial infarction (AMI) and coronary deaths for the 35 to 64 year old inhabitants were established as part of the WHO MONICA (multinational monitoring of trends and determinants in cardiovascular disease) project [1] . Registries from 21 countries and 38 study regions have contributed to testing the MONICA hypotheses [2] . The aim of the MONICA registries was a ten year long observation of the age and sex-specific rates of acute coronary events (AMI attacks and CHD deaths) per 100,000 population and of the 28-day case-fatality (CF) per 100 coronary events [3] . At least two population-representative cardiovascular risk factor surveys were conducted at the beginning and at the end of the 10-year MONICA study period (1984/85 to 1994/95). Ten-years time trends of risk factor prevalences were opposed to time trends of the AMI rates to quantify the impact of changes in risk factor profile on AMI occurrence within each study population.
Right from the start, the MONICA Augsburg registry was planned with four additional special features:
(1) It was broadened to the 25 to 74 year old population for a better representation of the AMI rates especially in the female population [4] . In Germany, only 10 % of all coronary deaths among women (men 25 %) occurred before the age of 65 in the year 1985; up to the 75 th year of age, the percentage of coronary deaths increased to 28 % in women and to 58 % in men.
(2) The Augsburg registry works on the basis of a written patient consent (response > 95 %) which allows a re-identification of each registered person with a primarily non-fatal MI. Therefore the possibility of a life-long follow-up for long-term survival analyses is given [5] .
(3) In cases of a CHD death, the last treating physicians and/or coroners are questioned promptly through a written questionnaire for the cardiovascular history including drug medication and circumstances of death (e. g. seen alive by a physician, place of death) [6] .
(4) Diabetes mellitus was added to the risk factor profile of the register cases for a better explanation of differences in 28-day case-fatality and survival [7] .
After the 10-years MONICA period from (1984/95), the Augsburg AMI registration was continued as part of the KORA (Cooperative Health Research of the Region of Augsburg) research program. Since 2000, the register is partly financed by the German Ministry of Health and Social Security (BMGS) and is used as a data base for the German National Health Report [8] . In addition to the core questions of the Augsburg registry further registerbased studies were implemented in cooperation with gsf-internal and -external partners:
(1) the register-based KORA Family Heart Study on genetic determinants of an AMI was conducted in 1996/97 in cooperation with the University of Regensburg.
(2) Since 1999, the GSF-working group of air pollution health effects had focused their research on registered AMI patients to study air pollution effects on cardiovascular health. The environmental studies were co-financed by financial support from US [9] and from the European Union (see www.gsf.de/KORA). In the present paper selected sex-specific results of the MONICA/ KORA registry based on the four time intervals, 1985/87, 1990/92, 1995/97, and 2000/02 are presented. The register-based CHD mortality is discussed in relation to the official mortality statistics of Germany. Time trends of AMI attack rates subdivided into incident and recurrent event rates per 100,000 population are shown. For hospitalized patients with incident AMI, time trends of the cardiovascular risk profile, and the acute reperfusion therapy are presented. Finally, time trends of the survival course after incident AMI including pre-hospital deaths are reported. Possible explanations of the observed trends are discussed from a public health point of view.
Material and methods
Case finding and data collection by the Augsburg registry Clinically confirmed AMI cases (from 1985 to 1998 Q-wave and non-Q-wave AMI, since 1999 additionally ST-elevation and non-ST-elevation AMI) were identified during their hospitalization contacting the treating physicians located primarily in up to 20 and presently in 9 still existing hospitals within and surrounding the study region ( Table 1) .
The study region comprises the city of Augsburg and the two adjacent more rural districts of Augsburg and Aichach-Friedberg, all together with about 200,000 female and 200,000 male registered residents in the age group 25 to 74 years. All patients with a clinically confirmed AMI were asked for their willingness for lifelong register participation. Afterwards they were interviewed about their own AMI and family history including drug medication, circumstances of the acute event and the pre-hospital supply. Medical care data during hospitalization were collected by hospital chart review. In WHO MONICA, clinically confirmed cases of non-fatal AMI (patients surviving the 28th-day) were categorized in definite AMI (MD1), possible AMI (MD2), successful resuscitation without signs of an definite or possible AMI (MD3), no AMI (MD4) using a defined algorithm. The MONICA-algorithm for epidemiological comparability comprises the three diagnostic criteria, acute symptoms (nitrate resistant chest pain lasting 20 minutes or longer), elevated heart muscle specific enzymes (GOT, CPK, CK-MB, and troponin documented since 2001), and ECG signs (Q waves, ST-elevation) [11] . The MONICA ECGvariable based on Minnesota coding of up to 4 ECGs was realized during the 10 years MONICA period. Additionally, the clinical ECG diagnosis (diagnostic finding in at least one ECG) was also documented since 1985 to date and has built the basis for longterm comparisons. It is of epidemiological relevance, that in 2000 the AMI diagnosis was clinically redefined as acute coronary syndrome (ACS) in which patients with symptomatically angina and laboratory signs of ischemia (troponin positive) without persistent ST-segment elevations in the ECG are included [12] . The Augsburg registry is able to use both definitions the old and the new one. For long term-comparisons -presented in this paper -the clinical ECG diagnosis and CPK/CK-MB values in combination with observed acute symptoms AMI are used as diagnostic criteria; all non-fatal cases with MD1, MD2, and MD3 were included.
For the registration of fatal cases, the following death certificate diagnoses (ICD 9) were suspected for an AMI or coronary death, if no other underlying cause of death was diagnosed: Hypertension (401 -405), ischemic heart disease (410 -414), other cardiovascular diseases (420 -429), atherosclerosis (440 -447), diabetes mellitus (250), dyslipidemia (272), obesity (278), cardiac symptoms (797 -799). All these fatal cases were identified by weekly (city of Augsburg) or monthly (rural districts of Augsburg, and of Aichach-Friedberg) checking of all death certificates within the regional health departments and by sending a questionnaire to the last treating physician and/or coroner. The physician ques-tionnaire asks for socio-demographic data, cardiovascular history, and circumstances of death. Using the information of the death certificate and the physician questionnaires the register team reaches a decision to include the case or not.
The MONICA diagnostic category of coronary deaths (MD1, MD2, MD9) is based on autopsy result (only 2.3 % of the deceased), acute symptoms, and a positive history of CHD (angina pectoris or previous MI or diagnosed coronary heart disease). Despite interviewing physicians, about 31.0 % of fatal cases before or within 24 hours after hospitalization (sudden cardiac deaths SCD) were unclassifiable. In fact, a coronary heart disease could not be confirmed or excluded, and there is no information for another cause of death [13] . In the WHO MONICA project those unclassifiable deaths (MD9) were included for calculation of the AMI rates of the population, as a coronary death is the most plausible cause of death as seen in autopsied deceased of some MONICA registries.
Long-term follow-up studies of 28-days-AMI survivors demanded information on the survival status and the date and the region of death for deceased subjects. Cause of death information came from the health departments of the Augsburg region.
Definitions
The age-and gender-specific AMI attack rate per 100,000 population includes all incident and recurrent cases of acute myocardial infarction (fatal and non-fatal) and all coronary deaths divided by the mid-year population of the respective calendar year.
The age-and gender-specific incidence rate per 100,000 population includes all incident cases of acute myocardial infarction (fatal and non-fatal) and all coronary deaths (first ever events) divided by the mid-year population of the respective calendar year(s).
The age-and gender-specific coronary deaths rate per 100,000 population includes all fatal cases of acute myocardial infarction and all coronary deaths (incident and recurrent) divided by the mid-year population of the respective calendar year.
The case fatality rate (in %) includes all fatal cases in the nominator divided by all fatal and non-fatal cases (denominator) within a defined time interval: total 28-day case fatality, pre-hospital case fatality, 24-hour case-fatality of hospitalized cases, 28-days case fatality of the 24 hour survivors were determined.
For comparisons by gender and/or over time the mean population rates (incidence, attack, and death rate) with 95 % confidence intervals (CI) were age-standardized using the age-specific weights of the German population 2002. Mean case-fatality rates were age-standardized using the age-specific weights of all registered cases.
Patient characteristics (in %), e. g. cardiovascular risk factors, medication before and during hospitalization, and at discharge from hospital, diagnostic and therapeutic procedures during hospitalization, clinical complications, and survival status at the 28th day after onset of symptoms were available. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
For comparisons of patient characteristics mean percentages were age-adjusted by linear logistic regression models. Age-stratified Mantel-Haenszel odds ratios with 95 % confidence intervals (CI) were calculated to test case fatality differences for significance. In general, a p-value less than 0.05 was considered as statistically significant.
Results
From 1985 to 2002 a total of 17,884 (men 12,798, women 5,086) cases of acute myocardial infarction including sudden cardiac death were registered. 9,886 of them (men 6,750, women 3,136) died within 28 days. Fig. 1 shows the sex-specific CHD-mortality rate per 100,000 population by 5-years age groups from the German cause of death statistics in comparison to the registry based rates for 1985/87 and 2000/02. At all ages, the register based CHD mortality rates (1985/87 men 280, women 88; 2000/02 men 168, women 54) are slightly higher than the official CHD-mortality rates (1985: men 259, women 80; 2002: men 138, women 45). Therefore CHD mortality decrease was more pronounced in the official statistics (men 46 %, women 44 %) compared to the registry validated rates (men 40 %: women 38 %).
The MONICA/KORA registry based time trends of age-standardized AMI attack rates subdivided into rates of incident and recurrent AMI are presented by sex in Fig. 2 for four time intervals each including three years.
From 1985/87 to 2000/02, the total age-standardized AMI attack rate per 100,000 population decreased from 541 to 404 acute coronary events (-25 %) in men. In women, an initial increase of the attack rate from 171 to 193 coronary events was observed with a subsequent decrease to 123 AMI cases in 2000/02. The age-standardized rate of first ever AMI of the male population decreased continuously from 377 to 299 in 1995/97 followed by a not yet significant re-increase to 313 incident cases in 2000/02.
In the female population incidence rates increased from 135 (1985/87) to 149 cases in 1990/92, and subsequently decreased continuously to 100 incident cases per 100,000 population in 2000/02. In contrast, the rates of recurrent AMI cases per 100,000 population show a remarkably changing trend from 164 to 91 in men (-44 %), and an increase from 36 to 44, followed by a decrease to 23 in women (overall decrease: -35 %).
As shown in Table 2 the hospitalized patients with an incident AMI were characterized by high and mostly increasing proportions of hypertension, dyslipidemia, and diabetes mellitus. Against the background of the decreasing AMI morbidity, the decrease of a positive history of angina pectoris from 41 to 15 % in men and from 52 to 18 % in women with an acute coronary event has to be emphasized. Of further great importance is the falling proportion of never smokers among female AMI patients. bolytic drugs) and an invasive reperfusion therapy of occluded coronary arteries (PCI percutaneous coronary interventions, stenting, coronary artery bypass surgery) became clinical standard. Fig. 3 gives an impression of the use of different procedures of reperfusion therapy over time. In Fig. 4 the survival structure of the registered incident cases is compared between the four time intervals. From 1985/87 to 1995/97, neither in men nor in women significant changes could be observed.
Compared to men, between 1985 and 1997 a higher percentage of female cases died before hospitalization, whereas no signifi-cant gender differences were observed in the percentage of inhospital deaths. A statistically significant lower percentage of 28-day survivors were observed in women than in men (Mantel-Haenszel age-weighted odds ratio men to women: 1985/87 OR 
Conclusion
In Germany, the decrease of CHD mortality and AMI morbidity among the middle-aged population observed during the 10-year WHO MONICA period continued to date. Similar trends were also reported from many other industrialized countries within and outside Europe [14 -18] . Morbidity of recurrent AMI decreased to a higher extent as the rates of incident AMI, because more effort was observed concerning intensified drug treatment for secondary prevention after AMI than in treatment of high risk individuals before incident AMI among the Augsburg population. In the time period 2000/02, an increase of non-fatal AMI was observed in the Augsburg region. On the one hand this could be the result of the reported intensified and more effective acute coronary care, but on the other hand it could also be the result of the changed definition of AMI. As a consequence of the new definition, symptomatic patients with elevated concentrations of the heart-specific marker troponin, and without typical ECG changes (NSTEMI) are admitted to hospital at an earlier stage of the acute event [9] . Possibly, this fact could result in an improved prevention of recurrent AMI due to the aggressive invasive treatment during their first acute event, as recently also reported from France [19] . The still high risk profile of the patients with an incident AMI in combination with an ongoing low level of preventive drug medication before their incident event highlighted the great potentials of primary prevention.
On the other hand, the observed large increase of therapy with thrombolytic agents and other cardiovascular drug combinations was clearly associated with an increase of 28-day-survival of the hospitalized 24 hour survivors and a decrease of recurrent events per 100,000 population. The population-based Augsburg registry has shown, that -for the first time -the since 2000 implemented strategy of a very early coronary stenting was associated with a decrease of the 24 hour case-fatality, and therefore a 10 %-point increase of 28-day survival; this high impact of declined early case-fatality on the overall CHD mortality of the population was also reported from the FINAMI study [20] . Presumably, a further decrease of recurrent event morbidity per population might be expected in the future. The strength of hospital-based registers is the standardized quality control of the implementation of evidence-based therapy for the welfare of the patients. However, only population-based registries including clinically confirmed AMI cases and validated CHD deaths inside and outside a hospital can quantify the public health consequences of intensified acute coronary care strategies.
Future planning
The population-based registration of AMI cases and CHD deaths in the study region of Augsburg will be continued, and long-term survival analyses will be performed with special regard to medical care effects.
Furthermore, studies of a possible inflammatory effect of air pollution on cardiovascular health will be continued and flanked by the measurement of special properties of ambient particles by the newly established GSF monitoring station located in the city of Augsburg.
Another still important challenge of the Augsburg registry is the identification of clinical outcomes among the MONICA/KORA cohort members as basis for the long-term prediction of AMI and diabetes mellitus in primary healthy individuals.
The GSF Institute of Health Economics and Health Care Management is testing the opportunity to get individual data on longterm health care utilization and expenditure (related as well as unrelated) of the registered AMI patients by contacting the relevant health security institutions, in order to explore the trends of costs and cost-effectiveness in health services delivered to these patients.
In the years 2005/06 a follow-up examination on sub-clinical outcomes in participants of the KORA-Family Heart Study from 1996/97 is planned, again in close cooperation with cardiologists of the University of Regensburg.
All together the Augsburg registry builds an important base for further cooperative investigations on positive or critical developments of the AMI risk in the population and for AMI survivors from the public health point of view. 
